designated as follows: s/S -singlet; d/D -doublet; t/T -triplet; q/Q -quartet; sept-septet; m -multiplet; br -broad signal. Quaternary carbons are designated as C q .
Chemical shift assignment in the 1 H NMR spectra is based on first-order analysis and when required were confirmed by two-dimensional (2D) ( 1 H-1 H) homonuclear chemical shift correlation (COSY) experiments. The 13 C shifts were obtained from proton-decoupled 13 C NMR spectra. Where necessary, the multiplicities of the 13 C signals were deduced from proton-decoupled DEPT-135 spectra. The resonances of the proton-bearing carbon atoms were correlated with specific proton resonances using 2D ( 13 C-1 H) heteronuclear single-quantum coherence (HSQC) and heteronuclear multiple bond correlations (HMBC) experiments. Standard Bruker pulse programs were used in the experiments.
Single crystal X-ray diffraction data were collected on a Bruker Apex II-CCD detector using Mo-K  radiation ( = 0.71073 Å). Crystals were selected under oil, mounted on nylon loops then immediately placed in a cold stream of N 2 at 150 K. Structures were solved and refined using Olex2 and SHELXTL. A satisfactory refinement of the crystal structure of 2a after squeeze methodology was applied in order to eliminate residual electronic density of the solvent that could be refined otherwise iii-v Solution IR spectra (ν(CO)) were recorded on a Perkin-Elmer Spectrum RXI FT-IR spectrophotometer in CH 2 Cl 2 as solvent. The range of absorption measured was from 4000-600 cm -1 .
Mass spectral analyses were performed on a Waters Synapt G2 HDMS by direct infusion at 5 μL/min with positive electron spray as the ionization technique. The m/z values were measured in the range of 400-1500 with acetonitrile as solvent. Prior to analysis, a 5 mM sodium formate solution was used to calibrate the instrument in resolution mode.
Microanalyses (%C, H, N) were performed using a ThermoScientific Flash 2000 elemental analyser.
Following extensive drying, analyses of complexes 2 and 3 are outside acceptable limits and are ascribed to the presence of solvent molecules and/or silicon grease. The full 1 H and 13 C NMR spectra are therefore included in the SI to attest to the purity of the compounds, supported by HRMS, FT-IR and single crystal XRD spectroscopic results. Compound 1a (Scheme S1) was prepared by a similar method as used for the synthesis of 1b. ii A 500 mL, 3-necked round bottom flask was charged with 3,6-di-tert-butyl-1,8-diethynyl-9H-carbazole (8.00 g, 24.4 mmol), 1,3-bis-(2,4,6-trimethylphenyl)triaz-1-ene (22.00 g, 78.2 mmol) and potassium hexafluorophosphate (15.24 g, 82.8 mmol). The vessel was purged with N 2 (g). The solids were dissolved in dry DCM (250 mL) and the solution was cooled down to -78 °C. To the solution was added tert-BuOCl (9.3 mL, 78.2 mmol) in a drop wise manner with subsequent stirring of the solution at -78 °C for two hours. After two hours, the solution was left to slowly warm up to room temperature whilst stirring for 20 hours. The white precipitate was filtered from the brown red solution with subsequent evaporation of the solvent in vacuo. Trituration with hexanes followed by Et₂O yielded 1a as an off-white solid (24.70 g, 23.1 mmol, 95%). Single crystals where obtainable from acetone layered with hexane. For C 60 H 69 N 7 ClPF 6, Anal. Calcd.: C, 67.54; H, 6.51; N, 9.17. Found: C, 67.53; H, 6.56; N, 8.97 with N₂ (g). The reaction vessel was cooled down to -78 °C, and the solids dissolved by addition of THF (20 mL) which was also cooled down to -78 °C. The solution was stirred for one hour at -78 °C. The reaction, after one hour, was slowly heated up to RT whilst stirring overnight. The solvents were evaporated in vacuo and the product was extracted with hexanes (4 x 15 mL). Evaporation of the hexane solvent, in vacuo, yielded a brown residue. The residue was re-dissolved in oxygenated dry toluene, and Anal. Calcd.: C, 72.77; H, 6.53; N, 8.25. Found: C, 71.65; H, 7.40; N, 7.76 
S2. Synthesis details and characterization
a
d. Synthesis of 3a
To a flame dried Schlenk tube was added 2a (25.0 mg, 2.5 x 10 -5 mol). The reaction vessel was purged with N 2 (g). The brown solid was dissolved by adding hexane (5 mL). Carbon monoxide gas was bubbled through the solution for 5 minutes, resulting in a colour change from dark to orange. 
e. Synthesis of 3b
To a Schlenk tube was added 2b (30.0 mg, 2.5 x 10 -5 mol), and dissolved by adding CH 2 Cl 2 (2 mL) resulting in a brown coloured solution. At room temperature, CO (g) was bubbled through the solution resulting in a colour change from brown to a yellow-brown.
The solution was filtered and the solvent removed in vacuo yielding 3b (8.0 mg, 6.8 x 10 -6 mol, 27%) as a yellow-brown coloured residue. Figure S8 . ¹³C NMR of 3b in C 6 D 6 solvent S14
S4. Catalytic Dimerization Details a. Optimisation of Catalytic Dimerization of 1-hexyne to (gem)-7-methyleneundec-5-yne
Standard operating procedure for dimerization reactions: a high pressure NMR tube with a J. Young valve was charged with one mol % catalyst 2a (3.6 mg, 3.5 x 10 -6 mol) or one mol % catalyst 2b (4.1 mg, 3.5 x 10 -6 mol) and 0.25 equivalents of internal standard, 1,4-di-tert-butylbenzene (16.6 mg, 8.7 x 10 -5 mol). Catalytic amount of base was added as indicated in Table S1 . To the mixture was added deuterated benzene (0.5 mL). One equivalent of 1-hexyne (40 µL, 3.5 x 10 -4 mol) was added, and the NMR tube capped. 1 H NMR spectroscopy was performed at time 10 min after addition of the alkyne. The reaction mixture was heated up to appropriate temperature and reacted for the duration as indicated (see Table S1 ). Upon cooling down to room temperature, 1 H NMR spectroscopy was performed at the final time. Conversion and calculated yields where determined from NMR analysis based on integration of alkyne and product, referenced to the internal standard. Product identity was confirmed by comparison with previously reported NMR spectra. vi Table S1 . 1-hexyne dimerization promoted by 2. a
Product distribution Entry Catalyst
Base (mol %)
Reaction performed in C 6 D 6 (0.5 mL) with internal standard 1,4-di-tert-butylbenzene, 1 mol % catalyst (3.5 x 10 -6 mol) and 3.5 x 10 -4 mol 1-hexyne. b Conversion as determined through NMR integration based on 1-hexyne referenced to 1,4-di-tert-butylbenzene. c Yield as determined from NMR integration based on 1-hexyne. S15 Figure S9 . Catalytic dimerization reaction of 1-hexyne (blue) to (gem)-7-methylene-undec-5-yne (red) at time 10 min (blue spectrum) and at time after reaction (red spectrum).
b. Catalytic Dimerization of terminal alkynes to gem-enynes catalyzed by 2a
Standard operating procedure for dimerization reactions: a high pressure NMR tube with a J. Young valve was loaded with one mol % catalyst 2a and 0.25 equivalents of internal standard, 1,4-di-tertbutylbenzene. To the mixture was added deuterated benzene (0.5 mL). One equivalent of terminal alkyne was added, and the NMR tube capped. 1 H NMR spectroscopy was performed at time 10 min after addition of the alkyne. The reaction mixture was heated up to 80 °C and reacted for the duration as indicated (see Article, Table 1 ). Upon cooling down to room temperature, 1 H NMR spectroscopy was performed at the final time. Conversion and calculated yields where determined from NMR analysis based on integration of alkyne and product, referenced to the internal standard.
Entry 2, Table 1: Dimerization of Phenylacetylene
Experiments were carried out as described above. Amounts of reagents added are as follows: catalyst 1 mol % (3.7 mg, 3.6 x 10 -6 mol); internal standard 0.25 equivalent (17.3 mg, 9.1 x 10 -5 mol) and one equivalent phenylacetylene (40 µL, 3.6 x 10 -4 mol). 
Entry 3, Table 1: Dimerization of N-Boc-Propargylamine
Experiments were carried out as described above. Amounts of reagents added are as follows: catalyst 1 mol % (2.6 mg, 2.6 x 10 -6 mol); internal standard 0.25 equivalent (12.3 mg, 6.4 x 10 -5 mol) and one equivalent N-Boc-propargylamine (40 mg, 2.6 x 10 -4 mol). Product identity was confirmed by comparison with previously reported NMR spectra. vii OCH 2 ), 4.14 (t, J = 1.8 Hz, 2H, OCH 2 ), 0.12 (s, 9H, Si(CH 3 ) 3 ), 0.06 (s, 9H, Si(CH 3 ) 3 ).
N,N-bis(tert-butyloxycarbonyl)-4-methylenepent-2-yne
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Entry 5, Table 1: Dimerization of propargylamine
Experiments were carried out as described above. Amounts of reagents added are as follows: catalyst 1 mol % (4.8 mg, 4.7 x 10 -6 mol); internal standard 0.25 equivalent (22.3 mg, 1.2 x 10 -4 mol) and one equivalent propargylamine (30 µL, 4.7 x 10 -4 mol). 
4-methylenepent-
Entry 6, Table 1: Dimerization of N,N-dimethylaminopropyne
Experiments were carried out as described above. Amounts of reagents added are as follows: catalyst 1 mol % (3.8 mg, 3.7 x 10 -6 mol); internal standard 0.25 equivalent (17.7 mg, 9.3 x 10 -5 mol) and one equivalent N,N-dimethylaminopropyne (40 µL, 3.7 x 10 -4 mol). Product identity was confirmed by comparison with previously reported NMR spectra. vi N,N,N,N-tetramethyl-4-methylenepent-2-yne-1,5- Experiments were carried out as described above. Amounts of reagents added are as follows: catalyst 1 mol % (2.8 mg, 2.8 x 10 -6 mol); internal standard 0.25 equivalent (13.2 mg, 6.9 x 10 -5 mol) and propargyl chloride, 1 equivalent (20 µL, 2.8 x 10 -4 mol). Product identity was confirmed by comparison with previously reported NMR spectra of similar enyne chloro-type compounds. x
1,5-dichloro-4-methylenepent-2-yne
Cl Cl 1 H NMR (300 MHz, C 6 D 6 )  5.64 (t, J = 6.2 Hz, 2H, C=CH 2 ), 4.59 (s, 2H, CH 2 Cl), 4.57 (s, 2H, CH 2 Cl).
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S5. Catalytic Hydrothiolation Details a. Optimisation of Catalytic Hydrothiolation of 1-hexyne with thiophenol
Standard operating procedure for hydrothiolation reactions. A high pressure NMR tube with a J. Young valve was charged with one mol % catalyst 2a (4.0 mg, 3.9 x 10 -6 mol) or one mol % catalyst 2b (4.7 mg, 3.9 x 10 -6 mol) and 0.25 equivalents of internal standard, 1,4-di-tert-butylbenzene (18.6 mg, 9.8 x 10 -5 ).
Catalytic amount of base was added as indicated in Table S2 . To the mixture was added deuterated benzene (0.5 mL). One equivalent of 1-hexyne (45 µL, 3.9 x 10 -4 mol) and one equivalent of thiophenol (40 µL, 3.9 x 10 -4 mol) were added, and the NMR tube capped. 1 H NMR spectroscopy was performed at time 10 min after addition of the substrates. The reaction mixture was heated up to the appropriate temperature and reacted for the duration as indicated (see Table S2 ). Upon cooling down to room temperature, 1 H NMR spectroscopy was performed at the final time. Conversion and calculated yields were determined from NMR analysis based on the integration of substrates and product, referenced to the internal standard. Product identity was confirmed by comparison with previously reported NMR spectra. xi Table S2 .Hydrothiolation of 1-hexyne (1 equivalent) with thiophenol (1 equivalent) promoted by 2. a a Reaction performed in C 6 D 6 (0.5 mL) with internal standard 1,4-di-tert-butylbenzene, 1 mol % catalyst (3.5 x 10 -6 mol) and 3.5 x 10 -4 mol 1-hexyne. b Conversion as determined through NMR integration based on 1-hexyne referenced to 1,4-di-tert-butylbenzene. Figure S10 . Catalytic hydrothiolation reaction of 1-hexyne (blue) with thiophenol (blue) yielding 2-phenylthio-1-hexene (red) at time 10 min (blue spectrum) and at time after reaction (red spectrum).
Product distribution Entry Catalyst Base (mol %) T (°C) t (h) Conversion
(%) b Yield (%) c α-vinyl sulfide β-E- vinyl sulfide β-Z-
b. Catalytic Hydrothiolation of terminal alkynes with thiols catalyzed by 2a
Standard operating procedure for hydrothiolation reactions: a high pressure NMR tube with a J. Young valve was loaded with one mol % catalyst 2a and 0.25 equivalents of internal standard, 1,4-di-tertbutylbenzene. To the mixture was added deuterated benzene (0.5 mL). One equivalent of terminal S22 alkyne and thiol was added, and the NMR tube capped. 1 H NMR spectroscopy was performed at time 10 min after addition of the substrates. The reaction mixture was heated up to 80 °C and reacted for the duration as indicated (see Article, Table 2 ). Upon cooling down to room temperature, 1 H NMR spectroscopy was performed at the final time. Conversion and calculated yields where determined from NMR analysis based on integration of alkyne and product, referenced to the internal standard.
Entry 2, Table 2: Hydrothiolation of N,N-dimethylaminopropyne with 1-hexanethiol
Experiments were carried out as mentioned. Amounts of reagents added are as follows: 1mol % catalyst 2a (3.2 mg, 3.2 x 10 -6 mol); internal standard 0.25 equivalent (15.1 mg, 7.9 x 10 -5 mol); one equivalent N,N-dimethylaminopropyne (34.1 µL, 3.2 x 10 -4 mol) and one equivalent 1-hexanethiol (45 µL, 3.2 x 10 -4 mol).
N,N-dimethyl-2-hexylthioprop-2-en-1-amine
S N 1 H NMR (300 MHz, C 6 D 6 )  5.24 (t, J = 1.0 Hz, 1H, C=CH 2 ), 4.78 (s, 1H, C=CH 2 ), 3.00 (s, 2H, CH 2 N(CH 3 ) 2 ), 2.56 (t, J = 7.3 Hz, 2H, CH 2 ), 2.12 (s, 6H, CH 2 N(CH 3 ) 2 ), 1.53 (tt, J = 7.5 Hz, 7.2 Hz, 2H, CH 2 ), 1.27 -1.11 (m, 6H, (CH 2 ) 3 overlaps with C(CH 3 ) 3 of internal standard), 0.82 (t, J = 0.8 Hz, 3H, CH 3 ). 13 Figure S11 . 1 10  15  20  25  30  35  40  45  50  55  60  65  70  75  80  85  90  95  100  105  110  115  120  125  130  135  140  145  150 f1 ( Figure S12 . 13 C NMR of N, 
H NMR of N,N-dimethyl-2-hexylthioprop-2-en-1-amine
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Entry 3, Table 2 : Hydrothiolation of N-Boc-propargylamine with 1-hexanethiol Experiments were carried out as mentioned. Amounts of reagents added are as follows: 1mol % catalyst 2a (3.2 mg, 3.2 x 10 -6 mol); internal standard 0.25 equivalent (15.1 mg, 7.9 x 10 -5 mol); one equivalent NBoc-propargylamine (49.1 mg, 3.2 x 10 -4 mol) and one equivalent 1-hexanethiol (45 µL, 3.2 x 10 -4 mol). Figure S14 
N-tert-butyloxycarbonyl-2-hexylthioprop-2-en-1-amine
S7. Catalytic Asymmetric bis-Hydrothiolation Details
Standard operating procedure for asymmetric bis-hydrothiolation reactions. A high pressure NMR tube with a J. Young valve was charged with two mol % catalyst 2a and 0.25 equivalents of internal standard, 1,4-di-tert-butylbenzene. To the mixture was added deuterated benzene (0.5 mL). One equivalent of terminal alkyne and one equivalent of the dithiol were added, followed by the NMR tube being capped.
1 H NMR spectroscopy was performed at time 10 min after addition of the substrates. The reaction mixture was heated up to 80 °C and reacted for the duration as indicated (see Article, Table 3 ). 1 H NMR spectroscopy confirmed the complete conversion of the substrates to the mono-α-vinyl sulfide product.
To the same reaction mixture, in open atmospheric conditions, was added one equivalent of the second terminal alkyne. The NMR tube was capped, a 1 H NMR experiment performed, and the tube was subsequently heated up to 80 °C for the duration as indicated in Table 3 (see Article) . 1 H NMR spectroscopy confirmed the formation of the unsymmetrical bis-α,α'-vinyl sulfide, or unsymmetrical bis-α,β-E-vinyl sulfides. Conversion and calculated yields were determined from NMR analysis based on the integration of alkyne and product, referenced to the internal standard. Entry 2, Table 3 : Bis-Hydrothiolation of 1-hexyne and 3-hexyne with 1,6-hexanedithiol
(bis-α,β-E-vinyl sulfide)
Experiments were carried out as mentioned. Amounts of reagents added are as follows: catalyst 2 mol % (5.3 mg, 5.2 x 10 -6 mol); internal standard 0.25 equivalent (12.4 mg, 6.5 x 10 -5 mol); 1 equivalent of 1-hexyne (30.1 µL, 2.6 x 10 -4 mol) and one equivalent of 1,6-hexanedithiol (40 µL, 2.6 x 10 -4 mol). Upon completion of the first hydrothiolation reaction, one equivalent of the second alkyne, 3-hexyne (29.7 µL, 2.6 x 10 -4 mol)), was added. 8, 136.6, 127.1, 104.9, 37.9, 31.5, 31.4, 31.3, 29.0, 28.9, 28.8, 28.5, 25.4, 22.5, 22.2, 14.8, 14 .6, 14.1. 
Bis-α,β-E-vinyl sulfide
S8. Sequential bis-hydrothiolation reaction under preparative conditions
The reaction reported in Table 3 Step 1 b
Step Figure S23 . 1 H NMR spectrum of products obtained after one-pot catalyzed alkyne dimerization followed by hydrothiolation of the internal alkyne by 2a S38   15  20  25  30  35  40  45  50  55  60  65  70  75  80  85  90  95  100  105  110  115  120  125  130  135  140  145  150 f1 ( Figure S24 . 13 C NMR spectrum of products obtained after one-pot catalyzed alkyne dimerization followed by hydrothiolation of the internal alkyne by 2a Figure S26 . Selected regions of 13 C NMR spectrum of products obtained after one-pot catalyzed alkyne dimerization followed by hydrothiolation (* denotes unreacted gem-enyne intermediate product) 
S10. Tandem Alkyne Dimerization-Hydrothiolation Reaction under Preparative
Conditions
The reaction reported in the manuscript Scheme 2 was scaled up tenfold. To a Schlenk tube was added dimethylaminopropyne (350 µL; 3.25 x 10 -3 mol), catalyst 2a (116 mg; 1.14 x 10 -4 mol; 3.5 mol%) and internal standard 1,4-di-tert-butylbenzene (154 mg, 8.13 x 10 -4 mol, 0.25 equivalent) in 4 mL solvent C 6 D 6 . The reaction was heated at 80 °C for 5 hours, whereafter it was allowed to cool to room temperature. 1-hexanethiol (231 µL; 1.63 x 10 -3 mol; 0.5 equivalent) was added to the reaction mixture, and the reaction vessel then heated at 60 °C for an additional 48 hours. NMR analysis revealed 60 % conversion of the substrates, with calculated yields for the different gem-ene-vinyl sulfide product isomers as follows: 1,3-gem-ene-β-E-vinyl sulfide, 28%; 1,4-gem-ene-β-E-vinyl sulfide, 19%; and 1,4-gem-ene-β-Z-vinyl sulfide, 9%, with product distribution: 1,3-gem-ene-β-E-vinyl sulfide: 1,4-gem-ene-β-E-vinyl sulfide: 1,4-gem-ene-β-Z-vinyl sulfide = 50 : 34 : 16.
The products were purified by gradient elution with hexane and ethyl actetate after dry loading on an aluminium oxide 90 (neutral, activated) plug to yield all three gem-ene-vinyl sulfide products, with an overall crude isolated yield of 180 mg, 6.33 x 10 -4 mol, 39% yield.
S11. Crystal Structure Details
X-ray structure and crystal data for 1a and 2b:
Figure 1: X-ray structure of the salt precursor 1a with thermal ellipsoids at the 50 %probability level. H atoms except for H1 and H13, and the PF 6 counteranion were omitted for clarity. Selected bond lengths (Å): H1-Cl1 2.203 (5), H1A-Cl1 2.446 (5).
